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B A C K G R O U N D  I NFORMATI O N  
N A S A  r e s e a r c h  g r a n t  N G R  05-007-004 was awarded t o  t h e  
I n s t i t u t e  o f  Geophys ics  and P l a n e t a r y  P h y s i c s  o f  t h e  U n i -  
v e r s i t y  o f  C a l i f o r n i a ,  Los A n g e l e s ,  o n  March 1 ,  1 9 6 2 ,  f o r  
t h e  s u p p o r t  o f  a s p a c e - i n s t r u m e n t  deve lopment  program. T h e  
p a r t i c i p a t i o n  o f  g r a d u a t e  s t u d e n t s  a t  t h e  U n i v e r s i t y  i s  a 
b a s i c  p a r t  o f  t h i s  r e s e a r c h  e f f o r t .  
T h e  g r a n t  was renewed o n  J u l y  1 %  1963 ,  w i t h  p r o v i s i o n  
f o r  a t h r e e - y e a r  s t e p  f u n d i n g  a r r a n g e m e n t .  A d d i t i o n a l  
s u p p l e m e n t s  have  been p r o v i d e d  i n  J u l y  1 9 6 4 ,  J u l y  1965 ,  
O c t o b e r  1 9 6 6 ,  O c t o b e r  1967 ,  and  O c t o b e r  1968.  
T h e  e x p e r i m e n t e r s  whose work i s  s u p p o r t e d  umder t h i s  4 
g r a n t ,  i n  t h e  c o u r s e  o f  t h - i s  t ~ o r k ,  h a v e  p a ~ t i c i p a t e d  OY'  a r e  
p a r t - i  ci  p a t  i n g  i n t h e  Mar 1' n e r - 2  li?a r i n e r -  4 i$a r i n e r -  5 ,  t h e  
s a t e l l i t e s  O V 1 - 2  and O V I - 1 2 ,  b o t h  U S A & ,  ATS-1 ,  and t h e  
060-5  and O G O - 6  p r o j e c t s .  They a r e  p a r t i c i p a t i n g  i n  p r e -  
p a r a t i o n s  f o r  f l i g h t  expe r imen t s  f o r  t h e  A T S - F  and  P i o n e e r /  
J u p i t e r  s p a c e c r a f t .  F a b r i c a t i o n  of  t h e  f l i g h t  hardware  f o r  
t h e s e  e x p e r i m e n t s  i s  u s u a l l y  funded  under s e p a r a t e  c o n t r a c t s .  
D u r i n g  t h e  r e p o r t i n g  p e r i o d  magnetometer  e x p e r i m e n t s  
were p r o p o s e d  f o r  A p o l l o  LL;nar Missions,  Phases  I and 11, and 
t h e  M a r i n e r  Venus-Mercury F lyby .  The p r o p o s a l  work w a s  a l s o  
s u p p o r t e d  u n d e r  t h i s  g r a n t .  
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SUMMARY OF W O R K  SUPPORTED WITH G R A N T  FUNDS 
A. P a r t i c l e  D e t e c t o r s  Des igned ,  Developed, o r  F a b r i c a t e d  
a t  UCLA 
1 .  ------ E l e c t r o n - P r o t o n  S p e c t r o m e t e r  f o r  Rangers  7 ,  8 ,  and 9 .  
T h i s  instrum2n-t was d e s i g n e d  and d'eveloped a t  U C L A .  Four 
u n i t s  were f a b r i c a t e d  under  s e p a r a t e  c o n t r a c t g  c a l i b r a t e d ,  
a n d  d e l i v e r e d .  They were n o t  used because  o f  a d e c i s i o n  by 
N A S A  t o  c o n c e n t r a t e  on t l ie  t e l e v i s i o n  e x p e r i m e n t .  
2 .  -I-____I_ R a d i a t i o n  Moni to r ing  I n s t r u m e n t s .  Using some of  t h e  
Ranger i n s t r u m e n t  c o n c e p t s ,  we deve loped  a n  e l e c t r o n  s p e c -  
t r o m e t e r ,  a p r o t o n  s p e c t r o m e t e r ,  t w o  s i m i l a r  p r o t o n  t h r e s h -  
o l d  i n s t r u m e n t s ,  and an x - r a y  d e t e c t o r .  All  f i v e  o f  t h e s e  
were f a b r i c a t e d  under  s e p a r a t e  c o n t r a c t  a n d  F l o w n  oti t h e  OV'I  - 2  
s a t e l l i t e .  Another  s e t  o f  f i v e  ~nlerc f a b r i c a t e d  and used  on 
t h e  OVl-72 s p a c e c r a f t .  These i n s t r u m e n t s  have been t l ie  c h i e f  
s o u r c e  of  s c i e n t i f i c  g a p e r s  i n  t h e  p a r t i c l e  f i e l d  which we 
have p u b l i s h e d  t o  d a t e .  
3 .  OGQ-5 E l e c t r o n  s p e c t r o m e t e r .  The d e s i g n  and p r e -  
l i m i n a r y  development  o f  t h i s  i n s t r u m e n t  were per formed under  
N G R  05-007-004 a t  U C L A .  F a b r i c a t i o n  was comple ted  under  
s e p a r a t e  c o n t r a c t ,  and t h e  i n s t r u m e n t  i s  now o p e r a t i n g  s a t i s -  
f a c t o r i l y  i n  s p a c e ,  P r e l i m i n a r y  o r g a n i z a t i o n  a n d  p l o t t i n g  
o f  t h e  f i r s t  e i g h t  months of  d a t a  a r e  e s s e n t i a l l y  a c c o m p l i s h e d ,  
and a n a l y s i s  i s  p r o c e e d i n g .  
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4 .  060-5 S p e c t r o m e t e r  I- f o r  Air Force .  The 060-5 p r o t o -  
t y p e  i n s t r u m e n t  has  been m o d i f i e d  and d e l i v e r e d  f o r  Air 
Force u s e  u n d e r  - a  s e p a r a t e  c o n t r a c t .  A f l i g h t  o p p o r t u n i t y  
has  n o t  y e t  been a s s i g n e d  t o  t h i s  i n s t r u m e n t .  
5 .  O G Q - 6  E l e c t r o n  S p e c t r o m e t e r .  "___ P r e l i m i n a r y  d e s i g n  o f  
t h i s  i n s t r u m e n t  was acc*ompl?shed a t  U C L A .  The i n s t r u m e n t  i s  
now o p e r a t i n g  i n  p o l a r  o r b i t  on  t h e  O G O - 6  s p a c e c r a f t .  
6 .  L O L J - C O S ~  E l e c t r o n  Moni tor .  An i n e x p e n s i v e ,  l i g h t -  
w e i g h t ,  low-power e l e c t r o n  d e t e c t o r  has  been d e s i g n e d  and 
deve loped  a t  U C L A  w i t h  g r a n t  f u n d s .  One f l i g h t  copy was 
b u i l t  and d e l i v e r e d  under  s e p a r a t e  c o n t r a c t  t o  t h e  Air Force  
d u r i n g  1968.  I t  i s  now i n  o r b i t  and p r o v i d i n g  s a t i s f a c t o r y  
d a t a  O D  t h e  O V 5 - E  S p a c e c r a f t .  
7 .  - H i g h  Speed ."ll^ll--l-l.-^ E l e c t r o n  D e t r ? c t r ; ~ .  -I_.I -. I^ An e 1  c c t r o n  d e t e c t o r  
t o  c o u n t  a t  a maximum r i t e  o f  25 megapulses  p e r  second has 
been d e s i g n e d  f o r  use  i n  t h e  d e t e c t i o n  o f  f a s t  v a r i a t i o n s  
a s s o c i a t e d  w i t h  wave m o t i o n  i n  t h e  magnetosphere .  
B. Magnetometers  Des igned ,  Developed,  or F a b r i c a t e d  a t  U C L A  
7 .  Mar ine r -4  Vector  Helium Magnetometer .  One o f  t h e  i n -  
v e s t i g a t o r s  (Paul  J .  Coleman, J r . )  c o l l a b o r a t e d  i n  t h e  d e s i g n ,  
deve lopment ,  t e s t i n g ,  a n d  c a l i b r a t i o n  o f  t h i s  magnetometer ,  
which was on board Marii lcr 5 a s  w e l l  a s  Mar iner  4. The  nag- 
n e t o m e t e r  p r o j e c t  was c a r r i e d  o u t  a t  J e t  P r o p u l s i o n  L a b o r a t o r y .  
The e f f o r t s  o f  t h e  U C L A  c o - i n v e s t i g a t o r  were  s u p p o r t e d  wi th  
f u n d s  from t h i s  g r a n t .  
2 .  ATS-1 F l u x g a t e  Magnetometer.  The d e s i g n  o f  t h i s  b i -  
a x i a l  magnetometer  was c a r r i e d  o u t  under  t h i s  g r a n t .  The 
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i n s t r u m e n t  i s  un ique  i n  t h a t  i t  p r o v i d e s  measurements  of  t h e  
s p i n - a x i s  v e c t o r  component o v e r  a wide dynamic r ange  w i t h  no 
s a c r i f i c e  i n  r e s o l u t i o n .  Subsequen t  phases  of  t h e  development  
and t h e  f a b r i c a t i o n ,  t e s t i n g ,  and c a l i b r a t i o n  were cove red  
under  a s e p a r a t e  NASA c o n t r a c t .  
3 .  O G O - 5  F l u x g a t e  Magnetometer .  The d e s i g n  of  t h i s  
t r i a x i a l  magnetometer  w a s  performed under  t h i s  g r a n t .  The 
unique  f e a t u r e s  o f  t h i s  instrument  a r e  a dynamic r ange  of  
+64,000 y and a r e s o l u t i o n  o f  0 . 1 2  y o v e r  t h e  e n t i r e  r a n g e .  
A S  i n  t h e  c a s e  o f  t h e  A T S - 1  magnetometer ,  t h e  r e s t  o f  t h e  
work th rough  t h e  d e l i v e r y  o f  t h e  f l i g h t  hardware  was funded  
under  a. s e p a r a t e  N A S A  c o n t r a c t .  
C .  A c o u s t i c  D e t e c t o r s  
The development  o f  a n  e x t r e m e l y  s e n s i t i v e  a c o u s t i c  
d e t e c t o r  tvas Funded i n  p a r t  under  t h i s  g r a n t .  The d e t e c t o r  
h a s  been used t o  s t u d y  t h e  e f f e c t s  o f  man-made d i s t u r b a n c e s  
i n  t h e  i o n o s p h e r e  u p o n  t h e  a t m o s p h e r i c  p r e s s u r e  a t  t h e  s u r -  
f a c e  a s  w e l l  a s  v a r i o u s  n a t u r a l  phenomena. 
D .  S c i e n t i f i c  S a t e l l i t e  
The p r e l i m i n a r y  d e s i g n  of  a s c i e n t i f i c  satellite p i a s  
s u p p o r t e d  under  t h i s  g r a n t .  Subsequen t  phases  o f  t h e  d e s i g n  
s t u d y  have been c a r r i e d  o u t  under  a s e p a r a t e  N A S A  c o n t r a c t .  
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E .  R e l a t e d  Work 
1 .  - S t u d i e s  o f  Magnetometer No i se .  - A n  i n v e s t i g a t i o n  of 
t h e  e f f e c t s  o f  p robe  h y s t e r e s i s  i n  f f u x g a t e  magnetometers  was 
s u p p o r t e d  wi th  g r a n t  f u n d s .  The r e s u l t s  were publ - i shed  a s  a 
M a s t e r ' s  t h e s i s .  
2. M a g n e t i c a l l y  S h i e l d e d  T e s t  F a c i l i t y .  A m a g n e t i c a . 1 1 ~  
s h i e l d e d  room was d e s i g n e d  w i t h  s u p p o r t  from t h i s  g r a n t .  The 
c o n s t r u c t i o n  a.nd i n s t a l i a . t i o n  were p a i d  f o r  w i t h  f unds  from 
a n o t h e r  N A S A  g r a n t  . 
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F .  Data Reduc t ion  and A n a l y s i s  
7 .  M a r i n e r  2 .  Reduc t ion  and a n a l y s i s ,  a t  U C L A ,  o f  d a t a  
f rom t h e  Mar ine r -2  magnetometer  were funded  unde r  t h i s  g r a n t .  
2 .  _ll__l M a r i n e r  4.; The p r e l i m i n a r y  r e d u c t i o n  o f  t h e  d a t a  
f rom t h e  M a r i n e r - 4  magnetometer  was s u p p o r t e d  w i t h  f u n d s  
from t h i s  g r a n t .  
3 .  -. ATS-1. Beginn ing  O c t o b e r  1 ,  1 9 6 8 ,  t h e  r e d u c t i o n  a n d  
a n a l y s i s  o f  d a t a  from t h e  A T S - 1  magnetometer  was f u n d e d  u a d e r  
t h i s  g r a n t .  
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PROGRESS D U R I N G  T H E  REPORTING P E R I O D  
A .  Charged P a r t i c l e  Research  
I .  E l e c t r o n  S p e c t r o m e t e r  f o r  O G O  5 .  The U C L A  O G O - 5  
expe r imen t  i n c l u d e s  s i x  d i r e c t i o n a l  e l e c t v o n  d e t e c t o r s  a s  - w l Y  
a s  a magnetometer .  The 060-5 s p a c e c r a f t  was l aunched  on 
March 4 ,  1 9 6 8 .  The  e x p e r i m e n t  i s  o p e r a t i n g  p r o p e r l y  a t  t h i s  
t ime  (August  1 4 ,  1 9 6 9 )  e A'comprehens ive  d a t a  r e d u k t i o n  p ro -  
I (  
gram i s  p r o c e e d i n g  smoo th ly ,  and a pape r  i n c o r p o r a t i n g  some 
f i r s t  c o n c l u s i o n s  w a s  p r e s e n t e d  a t  t h e  American Geophys ica l  
Union meet ing  i n  A p r i l ,  1 9 6 8 .  Al l  c o s t s  o f  t h e  O G O - 5  p r o -  
gram a r e  b e i n g  borne  by a s e p a r a t e  p r o j e c t  con t r ac t . .  
2 .  -I_II_ E l e c t r o n  S p e c t r c m e t e r  .__I --.-...__I__-- fur O G Q  6 .  Q G Q  6  as l aunched  
d u r i n g  t h e  r c ; a o r t i n g  p e r i o d .  E a r I y  y u - i c k - l o o k  d a t a  i n d i c a t e  
t , i i a t  one of  seven  d e t e c t o r s  s t i f f e r e d  a l a r g e  g a i n  l a s s  Q F  ur i -  
k n o w n  o r i g i n  s h o r t l y  a f t e r  t u r n - o n .  The o t h e r  d e t e c t o r s  a r e  
working p r o p e r l y ,  and computer  prograrns  a r e  be ing  p r e p a r e d  t o  
' o r g a n i z e  and p l o t  t h e  d a t a  i n  a manner s i m i l a r  t o  O G O  5 .  
3 .  40 k e v  E l e c t r o n  Moni to r .  T h i s  i n s t r u m e n t  was 
l aunched  - in to  a h i g h l y  e l l i p t i c a l  o r b i t  on OV5-6  d u r i n g  t h e  
r e p o r t i n g  p e r i o d .  P r e l i m i n a r y  i n s p e c t i o n  o f  t h e  d a t a  r e v e a l s  
p r o p e r  o p e r a t i o n ,  b u t  t h e  b u l k  o f  t h e  d a t a  i s  n o t  y e t  a v a i l a b l e .  
4. H i g h  Speed E lec t ro t ?  I_.cI___. D e t e c t o r  f o r  S 3  S a t e l l i t e .  -- The 
p r f n c i p a ?  l a b o r a t o r y  e f f o r t  i n  t h e  cha rged  p a r t i c l e s  a r e a  has  
been t h e  c o n t i n u i n g  d e s i g n  o f  t h e  h i g h  s p e e d  e l e c t r o n  d e t e c t o r  
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which we have proposed  f o r  use  on t h e  S 3  s a t e l l i t e .  The 
development  has  been s o  s u c c e s s f u l  t h a t  we h a v e  i n c r e a s e d  
t h e  maximum c o u n t  r a t e  c a p a b i l i t y  t o  2 5  megapulses  pe r  s econd .  
Th i s  work  h a s  been t h e  r e s p o n s i b i l i t y  o f  a g r a d u a t e  s t u d e n t  
o f  e n g i n e e r i n g  unde r  a N A S A  t r a i n c e s h i p .  The t a s k  h a s  been 
comple ted  a n d  a comple t e  o p e r a t i o n a l  b r e a d b o a r d  has  been 
c o n s t r u c t e d  a n d  t e s t e d .  The s t u d e n t  w i l l  r e c e i v e  a P h . D .  i n  
t h e  E n g i n e e r i n g  Depar tmen t ,  w i t h  t h i s  work  c o n s t i t u t i n g  h i s  
d i s s e r t a t i o n .  . .  
The b r e a d b o a r d  c o n s i s t s  of  a t h r e e - s t a g e  a m p l i f i e r ,  
f i x e d  t h r e s h o l d  d e v i c e s  a f i x e d  d e a d - t i m e  c i r c u i t ,  a n d  
# a p p r o p r i a t e  h- igh  s p e e d ,  low power f l i p - f l o p s  f o r  b u f f e r  p u r -  
p o s e s .  Only  two a m p f i f i e r  s t a g e s  a r e  r e q u i r e d  f o r  t h e  e l e c -  
t r o n  de t ec t r ? r . ,  x h i l e  a l l  t h r e e  a r e  r eq t r i r ed  f ~ r  t h e s o l l ’ d -  
s t a t e  p r o t o n  d e t e c t o r  v e r s i o n S  which o t h e r w i s e  uses  t h e  same 
e l e c t r o n i c s .  
5 .  OV1-2  a n d  OV1-12 R a d i a t i o n  I n s t r u m e n t s .  During t h e  
p e r i o d ,  two  more s c i e n t i f i c  p a p e r s  u t i l i z i n g  d a t a  from t h e s e  
i n s t r u m e n t s  have a p p e a r e d  i n  t h e  J o u r n a l  - o f  Geophys ica l  
R e s e a r c h .  Copies  o f  a l l  of t h e  f o u r  pape r s  which have used 
d a t a  from t h e s e  i n s t r u m e n t s  have been s e n t  t o  N A S A  Head- 
q u a r t e r s .  These p u b l i c a t i o n s  comple t e  t h e  b a s i c  e f f o r t  from 
t h e s e  e x p e r i m e n t s ,  a l t h o u g h  they  have s t i m u l a t e d  a n  i n t e r e s t  
i n  r a d i a l  d i f f u s i o n  o f  b o t h  e l e c t r o n s  a n d  p r o t o n s  which 
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i s  b e i n g  p u r s u e d  w i t h  o t h e r  d a t a .  
M a g n e t i c  t a p e s  c o n t a i n i n g  a l l  o f  t hese  d a t a ,  a s  well 
a s  t h e  e p h e m e r i s ,  h a v e  been forwcirded t o  t h e  Space  S c i e n c e  
Data C e n t e r  i n  a c c o r d a n c e  w i t h  t h e  a g r e e m e n t  made w i t h  N A S A  
w h e n  a n a l y s i s  o f  t h e s e  data .  was f v n d e d  by I\iI-iSJ?. 
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B.  Magnet ic  F i e l d s  Research  
1 .  - I n t r o d u c t i o n .  T h e  r e s e a r c h  a c t i v i t i e s  t o  be d i s -  
c u s s e d  i n  t h i s  s e c t i o n  a r e  d i r e c t e d  p r i m a r i l y  toward t h e  
s t u d y  o f  magnetohydrodynamic phenomena in t h e  t enuous  
plasmas above t h e  i o n o s p h e r e  a n d  i n  i n t e r p l a n e t a r y  s p a c e .  
A secondary  goa l  of  t h e  r e s e a r c h  i s  t h e  d i r e c t  measurement 
of  t h e  m a g n e t i c  f i e l d s  o f  p l a n e t a r y  b o d i e s .  The w o r k  i n -  
c l u d e s  t h e  deve lopment  of t h e  i n s t r u m e n t s  w i t h  which t o  
o b t a i n  such  measurements  and i n  some c a s e s  t h e  r e d u c t i o n  
and a n a l y s i s  of  d a t a  o b t a i n e d  w i t h  t h e s e  i n s t r u m e n t s .  
2 .  I n s t r u m e n t  Development. In t h e  magnetometer  
development  p r o j e c t  t h e  e f f o r t  t o  deve lop  a new synchronous  
demodula tor  f o r  f l  L;xgate  m a g n e t o m c t f r s  w a s  c c n t i n u c d ,  11; 
t h e  new d e s i g n ,  a c t i v e  ( t r a n s i s t o r i z e d )  c i r c u i t s  wciu ld  r e -  
p l a c e  t h e  t r a n s f o r m e r s  i n  t h e  o l d  demodu la to r .  This change 
s h o u l d  r e s u l t  i n  r e d u c t i o n s  i n  w e i g h t  and power a n d  a n  
i n c r e a s e  i n  r e l i a b i l i t y .  During t h e  r e p o r t i n g  p e r i o d  a 
b readboard  o f  t h e  demodu la to r  was comple t ed .  
3 .  Exper imen ta l  I S t u d i e s .  
a .  A l o u e t t e  1 .  Some i n t e r e s t i n g  l i n e s  have been 
found i n  t h e  ionograms from t h e  t o p s i d e  S o u n d i n g  s a t e l l i t e ,  
A l o u e t t e  1 .  The o r i g i n  o f  t h e s e  l i n e s  i s  p r e s e n t l y  u n k n c i w  
a l t h o u g h  t h e r e  has been c o n s i d e r a b l e  s p e c u l a t i o n .  D u r i n g  
t h e  r e p o r t i n g  p e r i o d  t h e  a n a l y s i s  of  t h e  ionograms was 
c o n t i n u e d  a s  p a r t  o f  a d o c t o r a l  r e s e a r c h  p r o j e c t .  
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b .  --- ATS 1 .  The ATS 1 p r o j e c t  a t  U C L A  was t r a n s -  
f e r r e d  t o  t h i s  g r a n t  on Oc tobe r  I ,  1968.  The s y n c h r o n o u s ,  
e q u a t o r i a l  s a t e l l i t e  ATS 1 c a r r i e s  a U C L A  magnetometer .  
D u r i n g  t h e  r e p o r t i n g  p e r i o d  t h e  a n a l y s i s  of  substorm r e -  
l a t e d  phenomena was e x t e n d e d .  tlowever, most o f  t h e  e f f o r t  
o f  p r o j e c t  p e r s o n n e l  was d i r e c t e d  taward  d e v e l o p i n g  f a s t e r  
d a t a  r e d u c t i o n  prograrns o n  t h e  r e c e n t l y  i n s t a l l e d  IBM 
360-91 computer .  
4.. T h e o r e t i c a l  S t u d i e s  - The S o l a r  W i n d .  I_ From t h e  
Weber-Davis model of t h e  s o l a r  w i n d  expans ion  and o b s e r v a -  
t i o n s  of  plasma f l u c t u a t i o n s ,  a model f o r  t h e  d e n s i t y  
f l u c t u a t i o n s  i n  t h e  s o l a r  wind i s  be ing  deve loped .  F u r t h e r  
s t u d i e s  o f  t h e  ilngu7ar mr!met~tc!m a s s o c i a t e d  w - i  tfi l o w  f r e q u e n c y  
f l u c t u a t i o n s  i n  t h e  s o l a r  wind r e l y  t i p o n  measurement o f  t h e  
s p e c i f i c  ways i n  which t h e  d e n s i t y ,  v e l o c i t y ,  Alfven s p e e d ,  
and dcns i  t y  f l u c t u a t i o n s  depend u p o n  r a d i a l  d i s t a n c e .  During 
t h e  r e p o r t i n g  p e r i o d  work on t h i s  problem c o n t i n u e d .  
A l so ,  s t u d i e s  o f  s o l a r  w i n d  e x p a n s i o n ,  i n c l u d i n g  r o -  
t a t i o c a l  a n d  e l e c t r o m a g n e t i c  e f f e c t s ,  were  c o n t i n u e d .  One 
o f  t h e s e  s t u d i e s  i s  a d o c t o r a l  r e s e a r c h  p r o j e c t .  
C .  ' P r o p o s a l s  
D u r i n g  t h e  r e p o r t i n g  p e r i o d  S ~ X  p r o p o s a l s  were produced 
by t h e  g r o u p  s u p p o r t e d  under  t h i s  g r a n t .  These p r o p o s a l s  
were s u b m i t t e d  t o  N A S A  i n  r e s p o n s e  t o  N A S A  "Announcements 
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o f  F l i g h t  O p p o r t u n i t i e s " .  One was a p roposa l  f o r  a mag- 
n e t o m e t e r  f o r  t h e  Mar ine r  Venus-Mercury Flyby N i s s i o n .  
T& o t h e r  f i v e  p r o p o s a l s ,  f o r  t h e  A p o l l o  Lunar Missions, 
were:  Magnetometer expe r imen t  f o r  Phase I magnetometer  
e x p e r i m e n t  f o r  Phase 11, U C L A  s u h s a t e l f s t e  f o r  Phase 11, 
e x p e r i m e n t  pay1oa.d f o r  Phase X I ,  and a magnetometer  e x p e r i -  
ment i n t e n d e d  f o r  t h e  s u b s a t e l l i t e  proposed  by P r o f e s s o r  
Kinsey A .  Anderson,  U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y .  
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D .  S t u d e n t  P a r t i c i p a t i o n  
A b a s i c  pu rpose  of  o u r  r e s e a r c h  i s  t o  make i t  pos-  
s i b l e  f o r  s t u d e n t s  t o  p a r t i c i p a t e  i n  s c i e n t i f i c  e x p e r i m e n t s  
with.in t h e  r a p i d l y  d e v e l o p i n g  f i e l d  o f  s p a c e  s c i e n c e .  T h e  
f o l l o w i n g  g r a d u a t e  s t u d e n t s  have p a r t i c i p a t e d .  i n  our  prs- 
grams d u r i n g  t h e  p e r i o d  cove red  by t h i s  r e p o r t :  
1 .  Joseph  B a r f i e l d ,  Department  of  P l a n e t a r y  and 
Space  S c i e n c e .  Mr. B a r f i e l d  i s  s t u d y i n g  t h e  p h y s i c s  o f '  
t h e  magnetosphere  a n d  t h e  i n t e r p l a n e t a r y  medium. 
2 .  J .  Dale B a r r y s  Department  o f  P l a n e t a r y  a n d  Space 
S c i e n c e .  MY. Bar ry  h a s  been s t u d y i n g  s p e c t r a l  l i n e s  r e c e n t l y  
d i s c o v e r e d  i n  t h e  ionagrams from A l o u e t t e  11. 
S c i e n c e ,  Mr. Chapman h a s  p a r t i c i p a t e  f ro !% t h e  b e g i n n i a g  i n  
t h e  program o f  r a d i a t i o n  m o n i t o r i n g  i n s t r u m e n t s  f o r  t h e  A i r  
Force s a t e 1  1 i t e ,  The r e s u l t s  o f  t h e s e  s u c c e s s f u l  e x p e r i m e n t s  
w i l l  be i n c o r p o r a t e d  i n t o  Mr. Chapman's P h . D .  d i s s e r t a t i o n .  
4 .  Donald C h i l d e r s ,  Department  of  P h y s i c s .  Mr. G h i l d e r s  
i s  s t u d y i n g  t h e  p h y s i c s  o f  t h e  magne tosphe re .  He i s  p r e s e n t l y  
working w i t h  d a t a  from A T S  1 .  
5. Neal M e  C l i n e ,  Department  o f  Mathemat ics .  Mr. C l i n e  
has bEen r e s p o n s i b l e  f o r  t h e  development  o f  a nunher  o f  pro-  
grams employed i n  the  a n a l y s i s  o f  d a t a  from t h e  N a r i n e r s .  
6 .  Alan E s k o v i t z ,  Department  o f  E n g i n e e r i n g .  Mr. 
E s k o v i t z  i s  d e v e l o p i n g  t h e  i n s t r u m e n t a t i o n  f o r  t h e  cha rged  
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p a r t i c l e  i n s t r u m e n t  f o r  t h e  U C L A  s a t e l l i t e  p r o j e c t .  This 
work i s  a d o c t o r a l  r e s e a r c h  p r o j e c t .  
7 .  Kenneth Lee, Department  o f  P h y s i c s .  Mr. Lee i s  
s t u d y i n g  t 6 e  p h y s i c s  o f ' t h e  magnetosphere  and i f t t e r p l a n e t a r y  
s p a c e ,  usin!: d a t a  from O G O  5.  
8. John S c h i e l d g e ,  Department  o f  Meteoro logy .  Mr. 
S c h i e l d g e  i s  conce rned  w i t h  t h e  i n t e r a c t i o n  o f  t h e  s o l a r  
w i n d  W i  tt: t h e  magne tosphe re .  
9 .  Lawrence S h a r p ,  Department  of  P l a n e t a r y  a n d  Space 
S c i e n c e .  Mr. S h a r p ' s  e f f o r t s  a r e  focused  on t h e  development  
of s p a c e c r a f t  magnetometers .  
10. M r .  Paul J .  S r o k a s  Department  o f  P l a n e t a r y  and 
S p a c c ' S c i e n c e ,  Mr. Sroka  i s  workiu ig  w i t h  g r o u n d - b a s e d  and 
s a t c l  1 i t e  ohse rv ' a t ions  o,f inagnetospher . ic  stahstorins. 
11. A l b e r t  Tomass ians  Department  o f  P l a n e t a r y  a n d  
Space S c i e n c e .  Mr. Toinassian has  unde r t aken  a d e f i n i t i v e  
s t u d y  o f  t h e  phoswich c i r c u i t  deve loped  i n  o u r  l a b o r a t o r y  
and .used on t h e  Air Force  r a d i a t i o n  m o n i t o r i n g  i n s t r u m e n t s .  
M Y .  Torhassian c o n t i n u e s  t o  w o r k  i n  t h e  b r o a d  a r e a  o f  cha rged  
p a r t  i c 1 e d e t e c t i  on + 
12 .  Ray Walker ,  Departineiit o f  P l a n e t a r y  and Space 
S c i e n c e .  M r .  W a l k e r ' s  work h e r e  i n c l u d e s  studies o f  d a t a  
r e c e i v e d  from t h e  OV1-2 s a t e l l i t e  and p r e p a r a t i o n  f o r  s i m i l a r  
d a t a  from t h e  OVl-12 s a t e l l i t e .  
13 .  C . R .  Winge, J r . ,  Department  o f  P l a n e t a r y  and 
Space S c i e n c e .  Mr. Winge i s  d e v e l o p i n g  models o f  t h e  s o l a r  
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e x p a n s i o n  which i n c l u d e  the  e f f e c t s  of  e l e c t r o m a g n e t i c  f o r c e s  
and s o l  a r  r o t a t i  o n  
1 4 .  E d w i n  W i n t e r ,  Department  of  P l a n e t a r y  and Space 
S c i e n c e .  Mr. Winte r  i s  s t u d y i n g  t h e  i n t e r a c t i o n  of 
t h e  s o l a r  w j n d  w i t h  p l a n e t a r y  and cometary  b o d i e s .  
1 5 .  R icha rd  E .  Y o u n g ,  Department  u f  P l a n e t a r y  and 
Space S c i e n c e .  Mr. Y o u n g  i s  conce rned  w i t h  models o f  t h e  
s o l a r  Wil-id. 
All  o f  t h e  r e g i s t e r e d  g r a d u a t e  s t u d e n t s  whcse s u p p o r t  
i s  p r o v i d e d  by t h i s  g r a n t  a r e  employed a s  r e s e a r c h  a s s i s t a n t s  
i n  c l a s s i f i c a t i o n s  no rma l ly  open t o  g r a d u a t e  s t u d e n t s  under  
l o n g - e s t a b l  i s h e d  U C L A  r e g u l a t i o n s  ). T h e i r  r a t e s  o f  pay a r e  
e s t a b l i s h e d  by t h e  Regents o f  t h e  Unfve r s - i t y  a %  l e v e l s  a p -  
p r o p r i a t e  t o  t h e i r  c l a s s i f i c a t i o n s .  Fa c o n s i d e r a b l c  c f f c r t  
i s  made t o  ass ’ tgn  r e s e a r c h  t a s k s  w h i c h  a r e  o f  s p e c i a l  i n t e r e s t  
t o  t h e  s t u d e n t ,  b u t  t h e  t a s k s  themse lves  a r e  n o t  n e c e s s a r i l y  
r e l a t e d  d i r e c t l y  o r  i n d i r e c t l y  t o  t h e s i s  r e s e a r c h  which t h e  
s t u d e n t  may e v e n t u a l l y  per form.  
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E. P u b l i c a t i o n s  a n d  Repor t s  
P a p e r s  r e s u l t i n g ,  who l ly  o r  i n  p a r t ,  from the  r e s e a r c h  
s u p p o r t e d  unde r  t h i s  g r a n t  a r e  l i s t e d  c h r o n o l o g i c a l l y  below.  
An a s t e r i s k  d e n o t e s  a pape r  comple ted  s i n c e  t h e  l a s t  r e p o r t .  
Coleman9 P.J., J r . ,  L .  D a v i s ,  J r . ,  E . J .  S m i t h ,  and C . P .  S o n e t t ,  
I n t e r p f  auretary magne t i c  f i e l d s  : P r e l  imi na ry  o b s e r v a t i o n s  
from Mar iner  1 1 3  I_- S c i e n c e ,  - 1 3 8 ,  1099 ,  1962 .  
F a r l e y ,  T . A . ,  T h e  growth o f  o u r  knowledge o f  t h e  e a r t h ' s  o u t e r  
r a d i a t i o n  b e l t ,  I_ Rev. -- Geophys.  - 1 ,  3 ,  1 9 6 3 ,  
Smi th ,  E . J . ,  I - .  D a v i s ,  J r . ,  P . J .  Coleman, J r . ,  a n d  C . P .  S o n e t t ,  
Magnet ic  f i e l d s  measured i n  t.he v i c i n i t y  o f  Venus: P r e -  
l i m i n a r y  o b s e r v a t i o n s  from Mar ine r  11, S c i e n c e ,  '139, 9 0 9 ,  
1963 .  
Colemans P . J .  I) J r .  C h a r a c t e r i s t i c s  o f  t h e  r e g i o n  o f  i n t e r a c t i o n  
between t h e  S n t e r p l ' a n e t a r y  plasma a n d  t h e  yeomacjnetic f i e l d :  
P i o n e e r  t i ,  - -  J .  G e o p h y s ,  -_  lies - 69, 3 0 5 1 ,  1 9 5 4  
I n t e r p f  a n c t a r y  i-r;ayneti'c f - i e l d  measu r  c v i e n t s  : The Nst - i  tier J I 
magnetometer  e x p e r i m e n t ,  i n  The S o l a r  W i n d ,  ( P r o c e e d i n g s  a f  
t h e  Confe rence  on t h e  S o l a r  Wind, Pasadena ,  1 9 6 4 ) ,  e d i t e d  by 
R . C .  Mackin and M . M .  Neugebauer ,  Pergamon P r e s s ,  New Y o r k ,  
7 9 6 6 .  
S m i t h ,  E . J . ,  L .  D a v i s ,  J r . ,  P a t ? .  Colemsn, J r . ,  and C . P .  S o n e t t . .  
S o n e t t ,  C . P . ,  D.S, Colburn ,  L .  Dav i s ,  J r . ,  E . J ;  S m i t h ,  and 
P . J .  Coleman, J r .  Evidence  f o r  a c o l l i s i o n - f r e e  magneto- 
hydrodynamic shock  i n  i n t e r p l a n e t a r y  s p a c e ,  P h y s .  =. L e t t e r s ,  
- 1 3 >  153 ,  1 9 6 4 .  
S m i t h ,  E . J . ,  L .  D a v i s ,  J r . ,  P . J .  Colenian, J r . ,  and C . P .  S o n e t t ,  
Magnet ic  measurements  n e a r  Venus, 2. Geophys. R e s . ,  70, 7 ,  
1964.  
S m i t h ,  E . J . ,  L .  D a v i s ,  J r . ,  P . J .  Coleinan, J r . ,  a n d  C . P .  S o n e t t ,  
C h a p t e r  X I I ,  P l a n e t  Venus,  e d i t e d  by R , V .  Meghreb l i an ,  
i n  p r o o f .  
Coleman, P . J . ,  J r . ,  The Mar ine r -2  magnetometer  e x p e r i m e n t  a n d  
a s s o c i a t e d  d a t a  r e d u c t i o n  p r o c e d u r e s ,  P u b l i c a t i o n  No. 4 4 7 ,  
I n s t i t u t e  o f  Geophys ics  and P l a n e t a r y  P h y s i c s ,  U n i v e r s i t y  
of C a l i f o r n i a ,  Los  A n g e l e s ,  May, 1965.  
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F a r l e y ,  T . A . ,  Space  -___-I_ S c i e n c e s ,  __ VI', N A S A  Document No. SP-714,  
Wash ing ton ,  D . C . ,  1966 .  
Coleman, P . J . ,  J r . ,  E . J .  S m i t h ,  L .  D a v i s ,  J r . ,  and D . E .  J o n e s ,  
Measurements  of  m a g n e t i c  f i e l d s  i n  t h e  v i c i n i t y  o f  t h e  . 
m a g n e t o s p h e r e  and i n  i n t e r p l a n e t a r y  s p a c e :  P r e l i m i n a r y  
r e s u l t s  from M a r i n e r  4 ,  i n  Space  R e s e a r c h  V I ,  e d i t e d  by 
R . L .  Smi th-Rose ,  907-930,  S p a r t a n  Books,  Washington ,  D.C., 
1966 I) 
I 
S m i t h ,  E . J . ,  L .  D a v i s s  J r . ,  P . J .  Coleman, J r . ,  and D . E .  J u n e s ,  
M a g n e t i c  f j e l d  measurements  n e a r  Mars:  M a r i n e r  4 p r e l i m i n a r y  
r e p o r t g  __I-- S c i e n c e s  _I 1 4 9 ,  1 2 4 1  1965.  
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F .  A b s t r a c t ;  
A b s t r a c t s  of p a p e r s  and t a l k s  c o n c e r n i n g  r e s u l t s  o f  t h e  
r e s e a r c h  p e r f o r m e d ,  wholly 0.r i n  p a r t ,  under  t h i s  g r a n t  a r e  
i n c l u d e d  i n  t h i s  s e c t i o n .  These a b s t r a c t s  p e r t a i n  t o  p a p e r s  
comple ted  . d u r i n g  t h e  r e p o r t i n g  p e r i o d  a n d  t o  t a l k s  p r e p a r e d  
1 
d u r i n g  t h i s  p e r i o d .  
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The Q u i e t  Day Magnet ic  F i e l d  a t  ATS 1 
W . D .  C u m m i n g s  
P . J .  Coleman, J r .  
G . L .  S i s c o e  
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles  
A s t u d y  o f  t h e  q u i e t  day magne t i c  f i e l d  a t  A T S  1 f o r  t h e  
c 
i n t e r v a l  J a n u a r y  t h r o u g h  J u n e ,  1 9 6 7 ,  i s  p r e s e n t e d .  For each  o f  
2 8  q u i e t  days t h e  N component ( p e r p e n d i c u l a r  t o  t h e  e q u a t o r i a l  ' 
p l a n e )  i s  F o u r i e r  decomposed t o  y i e l d  approx ima te  v a l u e s  f o r  t h e  
g r a d i e n t  i n  t h e  f i e l d  of  t h e  e x t e r n a l  c u r r e n t s  e v a l u a t e d  a t  t h e  
e a r t h .  
. ._ I - .  
These '  g r a d i e n t ' s  a r e  used t o  c a l c u l a t e ' t h e  e q u a t o r i a l  
component o f  t h e  i n t e r a c t i o n  f o r c e  between t h e  s o l a r  w i n d  and 
t h e  e a r t h .  The a v e r a g e  f o r c e  f o r  the  s i x  month' i n t e r v a l  was 
34 x 10" dynes .  
. .  
The f o r c e  w a s  d - i r e c t e d  away f r o n !  tfie sur?-ear th  
l i n e  by a b o u t  1 2 *  on t h e  a v e r a g e ,  a l t h o u g h  thslre K ~ J S  considersblc 
v a r i a t i o n  from day t o  day.  T h i s  d e v i a t i o n  i s  a f a c t o r  o f  two o r  
t h r e e  t i m e s  t h a t  e x p e c t e d  from t h e  o r b i t a l  m o t i o n  o f  t h e  e a r t h  
i n  t h e  r a d i a l  s o l a r  wind,  and i s  c o n s i s t e n t  w i t h  W a l t e r s '  e f f e c t .  
Submi t t ed  t o  t h e  J o u r n a l  of Geophys ica l  Resea rch .  
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Outer Zone E l e c t r o n  I n t e n s i t i e s  
T . A .  F a r l e y  
U n i v e r s i t y  o f  C a l i f o r n i a ,  L o s  Angeles  
The d i r e c t i o n a l  s p e c t r a l  i n t e n s i t i e s  o f  e l e c t r o n s  i n  t he  
e n e r g y  r ange  fram 55-1200 k e v  have been measured O i l  t h e  O G O - 5  
s p a c e c r a f t ,  l aunched  an March 4 ,  1968.  The v a r i a t i o n s  o f  these  
spec t rums  w i t h  d i r e c t i o n  a n d  l o c a t i o n  t h r o u g h o u t  t h e  o u t e r  
r a d i a t i o n  zone w i l l  be p r e s e n t e d .  
P r e s e n t e d  a t  t h e  American Geophys ica l  Union .Annual Meet ing ,  
Washington ,  D . C . ,  A p r i l ,  1969. 
2 3  
Evidence  f o r  F i e l d - A l i g n e d  C u r r e n t s  a t  t h e  
Synchronous O r b i t  d u r i n g  Magne tosphe r i c  Substorms 
W .  D. Cummings 
R . R .  Lewis 
P . J .  Coleman, J r .  
U n i v e r s i t y  of  C a l i f o r n i a ,  Los Angeles  
Magnetometer d a t a  from ATS ‘1 a r e  examined f o r  s e v e r a l  
m a g n e t o s p h e r i c  s u b s t o r m s .  As p r e v i o u s l y  r e p o r t e d ,  t h e  o n s e t s  
o f  t h e  e x p a n s i v e  phase o f  a p o l a r  subs to rm i s  c o i n c i d e n t  w i t h  a 
sudden i n c r e a s e  of 3 0 - 5 0  y i n  t h e  magne t i c  f i e l d  s t r e n g t h  a t  
t h e  synchronous  o r b i t  n e a r  m i d n i g h t .  In adds’ t ion  t o  t h e  f i e l d  
s t r e n g t h  change ,  which r e p r e s e n t s  a r e t u r n  from a d e p r e s s e d  
v a l u e  t o  t h e  normal v a l u e ,  t h e r e  i s  sometimes a temporary  
change i n  f i e l d  d i r e c t i o n .  T h e  d i r e c t i o n  change i s  i n  t h e  
e a s t - w e s t  d i r e c t i o n  and o c c u r s  a t  the  b e g i n n i n g  o f  t h e  r e c o v e r y  
i n  f i e l d  s t r e n g t h .  We s u g g e s t  t h a t  t h e  d i r e c t i o n  change . is 
caused  by f i e l d - a l i g n e d  c u r r e n t s  l o c a t e d  a t  t h e  n e a r  edge o f  
t h e  p l a s m a  s h e e t  i n  t h e  t a i l .  I f  t h e  f i e l d - a l i g n e d  c u r r e n t  
f l ows  on two t s h e j l s ,  p a r a l l e l  t o  E o n  one s h e l l  and a n t i -  
p a r a l l e l  on t h e  o t h e r ,  t hen  t h e  e a s t - w e s t  magne t i c  f j e l d  w o u l d  
o n l y  be obse rved  when t h e  s a t e l l i t e  i s  between t h e  t w o  s h e l l s .  
Accord ing  t o  t h i s  i n t e r p r e t a t i o n ,  t h e  n e a r  edge o f  t h e  plasma 
s h e e t  must  have been i n s i d e  t h e  synchronous  o r b i t  p r i o r  t o  t h e  
o n s e t  o f  t h e  e x p a n s i v e  p h a s e ,  and i t  m u s t  have moved o u t w a r d  
a c r o s s  t h e  synchronous  o r b i t  d u r i n g  o n s e t .  
P r e s e n t e d  a t  t h e  American Geophys ica l  Union Annual Meet ing ,  
Washington,  D . C . ,  A p r i l ,  1 9 6 9 .  
2 4  
M a g n e t i c - F i e l d  V a r i a t i o n s  a t  ATS 1 
and on t h e  E a r t h ' s  S u r f a c e  
Paul J .  Coleman, J r .  
U n i v e r s i t y  of  C a l i f o r n i a ,  Los Angeles  
The g e o s t a t i o n a r y  s a t e l l i t e  ATS 1 ( g e o c e n t r i c  r ange  
6 . 6  e a r t h  r a d i i )  i s  s t a t i o n e d  i n  t h e  g e o g r a p h i c  e q u a t o r i a l  
p l a n e  a t  1ony. i tude 150"  W .  M a g n e t i c - f i e : d  measurements  a t  
ATS 1 have e s t a b l i s h e d  t h e  e x i s t e n c e  of  s e v e r a l  t y p e s  o f  
q u a s i - p e r i o d i c :  f l u c t u a t i o n s  a n d  broadband n o i s e  i n  t h e  
d i s t a n t  geomagnet ic  c a v i t y :  ( 1 )  S i n u s o i d a l  f l u c t u a t i o n s  
t r a n s v e r s e  t o  t h e  l o c a l  mean f i e l d  have been obse rved  r a t h e r  
f r e q y e n t l y  d u r i n g  q u i e t  t i m e s .  These f l u c t u a t i o n s  a r e  e l - .  
l i p t i c a l l y  p o l a r i z e d  a n d  a m p l i t u d e  modula ted .  During a 
g iven  e v e n t ,  t h e y  a r e  n e a r l y  monochromatic .  However, t h e i r  
p e r i o d  changes from e v e n t  t o  e v e n t  rJver t h e  range  f r o m  50- 
300 s e c .  These f l u c t u a t i o n s  most o f t e n  o c c u r  j u s t  a f t e r  
dawn  and i n  t h e  e a r l y  a f t e r n o o n  LT ( l o c a l  t i m e ) .  They hzve 
n e v e r  been d e t e c t e d  between 17 and 2 2  hrs L T .  They a r e  s i m i -  
l a r  ' rn  many r e s p e c t s  t o  Pc 4 and 5 .  ( 2 )  O the r  t y p e s  o f  f l u c -  
t u a t i o n s  a r e  c o i n c i d e n t a l  w i t h  m a g n e t o s p h e r i c  s u b s t o r m s .  
A b r u p t  changes i n  t h e  D ( e a s t w a r d )  component of t h e  f i e l d  
sometimes o c c u r  a t  ATS 1 between m ' i d n i g h t  and dawn LT e a r l y  
i n  t h e  expans ion  ph.ase of a s u b s t o r m .  On o c c a s i o n J  t h e s e  
t r a n s i e n t s  irr D have been accompanied by q u a s i - s i n u s o i d a l  
f l u c t u a t i o n s  o f  rough ly  3 - s e c  p e r i o d  and a b o u t  0.5-y 
a m p l i t u d e .  F l u c t u a t i o n s  of  rough ly  equa l  a m p l i t u d e s  ' o c c u r  
i n  a l l  t h r e e  components ,  D, H ( n o r t h w a r d ) ,  and V ( v e r t i c a l ) .  
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These f l u c t u a t i o n s  a t  A T S  1 a r e  p r o b a b l y  a s s o c i a t e d  w i t h  t h e  
3 - s c c  enhancement  i n  n o i s e  bursts r e c o r d e d  a t  t h e  s u r f a c e .  
( 3 )  I r r e g u l a r  f l u c t u a t i o n s  o f  r e l a t i v e l y  l a r g e  a m p l i t u d e ,  
p r i m a r i l y  i n  t h e - t l  componentg have a l s o  been d e t e c t e d  d u r i n g  
the  expans ion  phases  of  s u b s t o r m s .  They o c c y r  t h r o u g h o u t  t h e  
l o c a l  n i g h t .  The spec t rum o f  t h e  f l u c t u a t i o n s  f a l l s  r a t h e r  
s t e e p l y  w i t h  d e c r e a s i n g  p e r i o d .  These f l u c t u a t i o n s  a r e  
p r o b a b l y  a s s o c i a t e d  w i t h  t h e  i r r e g u l a r  p u l s a t i o n s  obse rved  
a t  t h e  s u r f a c e  d u r i n g  substorm e x p a n s i o n s .  ( 4 )  D u r i n g  t h e  
r e c o v e r y  pha:se of s 'ubstorms,  q u a s i - s i n u s o i d a l  waves w i t h  , 
p e r i o d s  of  r o u g h l y  2 0  s e c  a n d  a m p l i t u d e s  of a b o u t  0 . 5  y have 
been r e c o r d e d  a t  ATS 1 n e a r  0600 L T .  F l u c t u a t i o n s  o f  rough ly  
equa l  amp1 i t u d e  a p p e a r  - in  a l l  t h r c z  cornponents  * The p e r i o d s  
obse rved  t o  ciate l i e  i n  t h e  r ange  a s s o c - i a t e d  w i t h  t h e  i r -  
r e g u l a r  b a n d - l i m i t e d  p u l s a t i o n s  t h a t  u s u a l l y  o c c u r  a t  t h e  
s u r f a c e  between m i d n i g h t  and 1 0 0 0  LP d u r i n g  subs to rm r e -  
0 
c o v e r i e s .  ( 5 )  R e l a t i v e l y  l a r g e - a m p l i t u d e  compress iona l  o s c i l -  
l a t i o n s  o c c u r  r e g u l a r l y  d u r i n g  t h e  main a n d  r e c o v e r y  phases  o f  
geomagnet ic  s t o r m s  i n  t h e  l a t e  morning and a f t e r n o o n  L T .  T h e i r  
p e r i o d s  r a n g e  from 2 - 1 5  m i n .  T h e i r  a m p l i t u d e s  a r e  t y p i c a l l y  1 5  y 
and r a n g e  u p  t o  40 y .  ( 6 )  T r a n s v e r s e  f l u c t u a t i o n s  w i t h  p e r i o d s  
o f  a b o u t  5 s e c  and o c c u r r i n g  s i m u l t a n e o u s l y  w i t h  t h e  s t o m - t i m e  
compress iona l  o s c i l l a t i o n s  have been d e t e c t e d  on one o c c a s i o n .  
These f l u c t u a t i o n s  h a d  a m p l i t u d e s  of  1 . 5 - 2  y. They were l e f t ,  
26 
c i r c u l a r l y  p o l a r i z e d .  D u r i n g  t h e  e v e n t ,  which o c c u r r e d  i n  t h e  
a f t e r n o o n  I T ,  f l u c t u a t i o n s  o f  , s i m i l a r  p e r i o d  were r e c o r d e d  
a t  C o l l e g e ,  A l a s k a .  These f l u c t u a t i o n s  were c l a s s i f i e d  a s  
i r r e g u l a r  F C  1 a n d  may be IPDP. The o b s e r v a t i o n s  o f  t h e  
phenomena l i s t e d  above w i l l  be r ev iewed .  The r e l a t i o n  o f  t h e s e  
e f f e c t s  a t  ATS 7 t o  r a d i a t i o n - b e l t  and s u r f a c e  phenomena w i l l  
be d i s c u s s e d .  
To be p r e s e n t e d  a t  t h e  Genera l  Assembly of  t h e  I n t e r n a t i o n a l  
A s s o c i a t i o n  o f  Geomagnetism a n d  Aeronomy, Madr id ,  S p a i n ,  
September  1 9 6 9 .  
